BACKGROUND: Many older adults living with dementia have not been formally diagnosed. Even when clinicians document the diagnosis, patients and families may be unaware of the diagnosis. Knowledge of how individual characteristics affect detection and awareness of dementia is limited. OBJECTIVE: To identify characteristics associated with dementia diagnosis and awareness of diagnosis. DESIGN: Cross-sectional observational study. PARTICIPANTS: Five hundred eighty-five adults aged ≥ 65 in the National Health and Aging Trends Study who met assessment-based study criteria for probable dementia in 2011 and had 3 years of continuous, fee-for-service Medicare claims prior to 2011. MAIN MEASURES: Using multivariable logistic regression, we compared participants with undiagnosed versus diagnosed dementia (based on Medicare claims) on demographic, social/behavioral, functional, medical, and healthcare utilization characteristics. Among those diagnosed, we compared characteristics of participants unaware versus aware of the diagnosis (based on self or proxy report). KEY RESULTS: Among older adults with probable dementia, 58.7% were either undiagnosed (39.5%) or unaware of the diagnosis (19.2%). In adjusted analyses, individuals who were Hispanic (OR 2.48, 95% CI 1.19, 5.14), had less than high school education (OR 0.54 for at least high school education, 95% CI 0.32, 0.91), attended medical visits alone (OR 1.98, 95% CI 1.11, 3.51), or had fewer functional impairments (OR 0.79 for each impairment, 95% CI 0.69, 0.90) were more likely to be undiagnosed. Similarly, among those diagnosed, having less education (OR 0.42), attending medical visits alone (OR 1.97), and fewer functional impairments (OR 0.72) were associated with unawareness of diagnosis (all ps < 0.05). CONCLUSIONS: The majority of older adults with dementia are either undiagnosed or unaware of the diagnosis, suggesting shortcomings in detection and communication of dementia. Individuals who may benefit from targeted screening include racial/ethnic minorities and persons who have lower educational attainment, any functional impairment, or attend medical visits alone.
INTRODUCTION
Approximately 5.5 million people in the USA are living with dementia 1 . Despite high prevalence and important implications for patients and families, dementia is underdiagnosed by clinicians and underreported by patients and families. Only about half of individuals who meet the criteria for dementia are diagnosed by a clinician [2] [3] [4] [5] [6] . Timely diagnosis of dementia may be important in improving patient outcomes both now and when effective treatments become available. Even in the absence of disease-modifying treatment, early diagnosis of dementia may have implications for mitigating safety risks 6 , prevention of complications, and patient/family planning for the future 7 . Recent guidelines, however, found insufficient evidence to support universal screening for dementia 8 , and results of the only RCT of benefits and harms of screening are pending (IU-CHOICE Study, NCT01699503) 9 . Uncovering links between timely dementia diagnosis and improved outcomes requires better understanding the scope of the problem and characteristics of the population living with undiagnosed dementia. Unique characteristics of undiagnosed individuals could be translated into targeted dementia detection, education, and support.
Studies have begun to build sociodemographic and medical profiles of individuals living with undiagnosed dementia [2] [3] [4] [5] [10] [11] [12] . However, methodology has been limited in important ways. Lack of awareness of a diagnosis, based on patient/ proxy report of clinician diagnosis, has been used as a surrogate for undiagnosed dementia 3, 13 . Conversely, documentation of diagnosis by providers in medical records 4, 5, [10] [11] [12] does not necessarily translate into patient or family awareness of the diagnosis. Examining either reported diagnosis or documentation provides an incomplete picture of dementia diagnosis and awareness; both elements are necessary for patients and families to understand patient cognitive and functional limitations and prognosis. No studies have examined documented dementia diagnosis together with patient or family awareness of a dementia diagnosis. In addition, few studies 3, 13 have examined nationally representative populations.
To address this knowledge gap, we draw on a nationally representative study to advance understanding of who has undiagnosed dementia and who has diagnosed dementia but is not aware of the diagnosis. We compare demographic, social/behavioral, functional, medical, and healthcare utilization characteristics of older adults with dementia by both documented diagnosis in claims records (undiagnosed versus diagnosed) and patient/family awareness of the condition (unaware versus aware among the diagnosed) in the National Health and Aging Trends Study (NHATS).
METHODS

Study Design and Participants
We examined baseline data from NHATS in 2011 linked to retrospective Medicare A and B claims data. NHATS follows a population-based, nationally representative cohort of Medicare beneficiaries aged ≥ 65 in the continental USA. Participants or proxy respondents undergo annual interviews assessing sociodemographics, functional status, health status, and medical care among other topics. Proxies were used when a participant could not fully respond due to health or memory problems; preference was given to someone who lived with the participant or was familiar with participant health and routine 14 . Figure 1 displays the process of obtaining our analytic sample of 585 older adults with probable dementia. NHATS enrolled 8245 participants in 2011 (71% overall response rate) 15 .
We included participants who were community-dwelling (n = 636 excluded who lived in a residential facility) and continuously enrolled in fee-for-service Medicare over the prior 3 years (n = 3330 excluded). We then narrowed our sample to include only participants with probable dementia.
NHATS investigators have developed and validated an algorithm to identify dementia status (i.e., probable dementia vs. no dementia) 16 . Probable dementia is defined by meeting at least one of three criteria: self or proxy report of clinician diagnosis of dementia or Alzheimer's disease, score ≥ 2 on the AD-8 Dementia Screening Interview administered to proxies 17 , or score > 1.5 standard deviations below the mean for selfrespondents in two or three cognitive domains tested (n = 434 in our sample completed cognitive testing). The AD-8 Dementia Screening Interview is an eight-item questionnaire validated for classifying dementia by informant interview 17, 18 . Cognitive tests assessed memory (immediate and delayed 10-word recall), orientation (day, date, month, year, President and Vice President), and executive function (clock drawing test). The NHATS dementia classification algorithm resulted in 633 persons with probable dementia based on report of diagnosis, proxy screening interview, and/or cognitive testing (n = 3646 excluded).
Dementia Diagnosis and Awareness
The outcomes of interest were diagnosis of dementia and awareness of the diagnosis. Participants with probable dementia were thus categorized by whether they had a Medicare claims diagnosis of dementia and if diagnosed, by whether they or their proxy was aware of the diagnosis. Claims-based dementia diagnosis was determined using the Medicare Chronic Conditions Warehouse (CCW) indicator for Alzheimer's disease and related disorders or senile dementia. The CCW indicator requires that beneficiaries have at least one inpatient, skilled nursing facility, home health, Part B institutional, or Part B non-institutional claim with any of 24 ICD-9 dementia codes over a 3-year reference period 19 . Awareness of diagnosis was based on self or proxy report of a clinician diagnosis of dementia or Alzheimer's disease in NHATS. We excluded 48 participants who met NHATS criteria for probable dementia based on self or proxy report of diagnosis but lacked a corresponding claims diagnosis. Dementia status was questionable in this group as 35 of these 48 participants did not have any other objective supporting data (cognitive testing or proxy interview) for dementia. The resulting three groups (n = 585) examined were undiagnosed (n = 229), diagnosed but unaware of diagnosis (n = 116), or diagnosed and aware of diagnosis (n = 240).
Predictors of Diagnosis and Awareness
The three dementia groups were compared on demographic, social and behavioral, functional status, and medical and healthcare utilization factors. Social and Behavioral Factors. We examined marital status (married/living with partner versus single/widowed/ divorced), number of children, and geographic location (based on census division reported in NHATS). Socioeconomic status (SES) components included highest level of education (less than high school, high school degree and/or some college/trade school, Associate's degree or greater) and total annual income. We used imputed total income provided by NHATS for participants without reported income 20 . Medicare-Medicaid dual eligibility status was derived from the Medicare enrollment file. Living alone and going to doctor visits alone were also included.
Functional Status Factors. Activity of daily living (ADL) impairments were assessed through reported difficulty or help required for bathing, eating, dressing, and toileting. Instrumental activity of daily living (IADL) impairments were assessed through reported difficulty or help required in cooking, managing finances, managing medications, shopping, and doing laundry 21 . We examined mean ADL and IADL impairments, individual activity impairments, and mobility impairment (not being able to go outside without help).
Medical and Healthcare Utilization Factors. From NHATS, we examined self-reported falls in the past year. Depression and anxiety in NHATS were assessed through Patient Health Questionnaire-2 and Generalized Anxiety Disorder-2 scales, respectively, with scores > 2 considered positive 22, 23 . We measured multimorbidity using a modified claims-based Charlson Comorbidity Index that excluded dementia 24 . We measured any hospitalization in the past year through Medicare Part A claims and any emergency room (ER) visit and mean ambulatory visits in the past year through Part B outpatient claims and the Carrier file. We derived whether participants saw a primary care provider (internal, family, general, or geriatric medicine physician; nurse practitioner) in the past year using provider specialty codes in outpatient claims.
Additional Covariates. We examined characteristics that may affect the relationship between predictors and dementia diagnosis and awareness. We accounted for type of respondent (proxy, self-respondent with assistance, or independent self-respondent) as respondent type may affect accuracy of responses. To better account for dementia severity, we also considered cognitive test scores for participants who completed testing.
Statistical Analysis
Analytic sampling weights that account for non-response bias and the complex sampling strategy were applied in all analyses 25 . We first used simple inferential statistics (chi-square, t test, or ANOVA) to compare characteristics between groups with probable dementia (undiagnosed, diagnosed but unaware, and diagnosed and aware).
We then constructed two sets of logistic regression models. The first set of models compared persons with undiagnosed dementia to those with diagnosed dementia (the reference group). The second set focused on the diagnosed dementia sub-sample and compared persons unaware to those aware of the dementia diagnosis (the reference group). The same set of predictors was included in each model. To build final multivariable regression models, we sequentially evaluated variables by category, including demographic covariates and each category of characteristics. Thus, these models examined diagnosis and then awareness with the following categories of covariates: demographics only, demographics and social and behavioral factors, demographics and mean ADL and IADL impairments, demographics and medical/healthcare utilization factors, and demographics and individual functional activity impairments.
We selected individual variables for inclusion in the final multivariable logistic regression models based on statistical significance (p < 0.05) in the category-level regression models or a priori planned inclusion (age, gender, education, depression, anxiety). Depression and anxiety were included as neuropsychiatric symptoms are often presenting symptoms of dementia 26 . Respondent type was included in sensitivity analysis. Subgroup analysis added cognitive test scores to final models as the entire sample did not complete these items.
Analyses were conducted using Stata v14 (StataCorp LP; College Station, TX). The Johns Hopkins University (JHU) Bloomberg School of Public Health Institutional Review Board (IRB) oversees NHATS; this study was approved by the JHU School of Medicine IRB.
RESULTS
The 585 participants who met criteria for probable dementia and had fee-for-service Medicare yielded a weighted population estimate of 1,972,534 individuals. Dementia was undiagnosed in 39.5% of individuals. Among diagnosed persons, 31.8% of those persons or their proxies were unaware of the diagnosis. Table 1 displays participant characteristics in the three groups. There were no statistically significant differences in marital status, living alone, geographic location, Charlson Comorbidity Index, ER or mean ambulatory visits in the past year, depression, or anxiety across groups. Overall, most proxy respondents were either a daughter (33.2%), spouse/partner (28.0%), or son (16.1%); at least 87% of proxies in each group reported being very familiar with the participant's routine.
Unadjusted comparisons indicated that persons with undiagnosed dementia were younger and more likely to be male and non-White compared to diagnosed persons. Undiagnosed persons were more likely to be dually eligible, have less than high school education, and attend doctor visits alone. Functionally, this group had fewer IADL impairments compared to those diagnosed. With regard to healthcare utilization, persons with undiagnosed dementia were less likely to have been hospitalized or evaluated in the ER in the past year. Undiagnosed individuals were less likely to have seen a primary care provider in the prior year but had similar rates of ambulatory visits, comorbidity burden, depression, and anxiety.
Comparing self or family awareness of diagnosis among persons with diagnosed dementia, older adults unaware of the diagnosis had lower mean income, fewer IADL and ADL impairments, and were more likely to go to doctor visits alone compared to those aware of the diagnosis. Persons unaware of the diagnosis were less likely to have a proxy respondent. 
Undiagnosed Versus Diagnosed Dementia
In multivariable adjusted analyses (Table 2) , differences in diagnosis persisted in race, education, IADL impairments, and going to doctor visits alone. Non-White race consistently demonstrated higher odds of undiagnosed versus diagnosed dementia, though the OR was statistically significant only for Hispanic/other non-White race participants. Individuals with at least high school education had 46% lower odds of being undiagnosed compared to individuals with lower education levels (p = 0.02). Individuals who attended doctor visits alone had almost twice the odds of being undiagnosed compared to individuals accompanied to doctor visits. IADL impairments were positively associated with dementia diagnosis. In sensitivity and subgroup analyses, the statistically significant associations of going to doctor visits alone and IADL impairments persisted; the associations of race and education varied in significance though magnitude of the ORs remained similar. When IADL impairments were examined individually, persons with impairment in managing finances had 86% lower risk of undiagnosed dementia (adjusted OR 0.14, 95% CI 0.07, 0.26), and persons with impairment in managing medications had 69% lower risk (adjusted OR 0.31, 95% CI 0.18, 0.53).
Unaware Versus Aware of Dementia Diagnosis
In multivariable adjusted analyses (Table 3) , there were statistically significant associations of education and IADL impairments with diagnosis awareness. Persons with at least an associate's degree had higher odds of being aware of their diagnosis. Similarly, persons with greater IADL impairments also had higher odds of awareness. Going to the doctor alone was associated with lower odds of being aware of the dementia diagnosis after adjusting for cognitive test scores. Selfrespondents had much higher odds of not being aware of their dementia diagnosis compared to proxies. When IADL impairments were examined individually, impairment in managing medications was associated with lower odds of being unaware of diagnosis (adjusted OR 0.30, 95% CI 0.12, 0.75).
DISCUSSION
This investigation evaluated diagnosis and awareness of dementia in a nationally representative cohort. Only 41% of older adults with probable dementia are both diagnosed and aware of the diagnosis. Undiagnosed individuals are more likely to be non-White and have lower educational attainment and less functional impairment. These individuals are also more likely to attend doctor visits without a companion. Among persons diagnosed, individuals unaware of the diagnosis are also more likely to have lower educational attainment and less functional impairment and to attend doctor visits alone. Impairments in managing finances and medications portend greater likelihood of dementia diagnosis and patient/ family awareness compared to other IADL impairments. These characteristics can guide improved dementia detection and communication in clinical practice.
The low likelihood of detection and awareness found in this study is similar to previous estimates based on either documented or reported diagnosis [3] [4] [5] [10] [11] [12] . Several studies have found that older age 3, 10, 11 and male gender 2, 3 are associated with undetected dementia. After adjusting for other factors, we found no association with age or gender. The positive association between functional impairment, diagnosis, and awareness is consistent with prior studies 3, 10, 11, 13 . ; we found educational attainment to be a significant factor. NonWhite older adults were more likely to be undiagnosed. Interestingly, once diagnosed, there was a trend toward greater awareness in non-White individuals. Prior studies also suggest that diagnosis is delayed in minority older adults 29 despite higher dementia incidence in non-White populations 30, 31 . Disparities in diagnosis may be due to differences in knowledge and misconceptions that dementia represents normal aging 32, 33 , clinician failure to recognize dementia 34 , cultural bias in cognitive assessment instruments 35 , and/or racial and ethnic differences in family support and expectations in function. Posthoc examination of select characteristics by race demonstrates that while proxy use was similar, Hispanic/other non-White race participants were most likely to have an interview assistant and live with others. These differences suggest greater family support though they were also more likely to go to doctor visits alone. The latter difference could reflect beliefs that cognitive symptoms represent normal aging in the absence of a dementia diagnosis. Further research into racial/ethnic differences is warranted to understand and address disparities.
Several findings are notable. First, going to doctor visits alone, a novel risk factor, was associated with greater likelihood of being undiagnosed and unaware of a dementia diagnosis. As the magnitude of association diminished after adjusting for cognitive test scores, these individuals may have relatively higher levels of cognitive function that may mask deficits, rendering diagnosis more difficult. Awareness in this group may be affected by poor insight and memory. Type of respondent (proxy versus self) was also strongly associated with awareness, further underscoring importance of having a knowledgeable informant to dementia diagnosis and awareness. Second, hospitalization was not associated with diagnosis or awareness. Improving rates of diagnosis and communication of the diagnosis may therefore not increase burden on inpatient care systems. Furthermore, there are individuals receiving inpatient care in which dementia remains undetected despite health system interactions. Lastly, though neuropsychiatric symptoms are common in dementia, symptoms of depression and anxiety do not significantly affect likelihood of diagnosis and awareness.
There are several limitations in this study. First, while most participants had a proxy or assistant, a sizable minority of undiagnosed or unaware participants responded independently; self-report may limit accuracy of responses in dementia. While sensitivity analyses considered respondent type, dementia awareness may differ if family members were interviewed. The fact that individuals with diagnosed dementia independently completed a lengthy research interview, however, suggests that their families may also be unaware of the diagnosis. Second, while there are strengths to using a population-based, nationally representative survey, probable dementia criteria were epidemiologic rather than clinical. NHATS dementia classification has been shown to have acceptable sensitivity and specificity (66 and 87%, respectively) 16 . Including only individuals with sufficient Medicare fee-forservice claims to ascertain dementia diagnosis limits generalizability to Medicare-managed care enrollees. In addition, there may be discrepancies between medical record documentation and billing codes; however, requiring only one claim for dementia over 3 years makes missed diagnoses less likely. Finally, findings might differ if the data were obtained today rather than 2011.
This study has clinical practice implications given gaps in detection of dementia and communication of the diagnosis to patients and families. Non-White older adults and individuals with lower education levels may particularly benefit from screening. Individuals with difficulty in any IADLs should be evaluated for possible dementia. Some available dementia screening tools, such as the GPCOG 36 , include informant questions regarding functional impairment. When other screening tools are used, careful assessment of functional difficulties may improve dementia detection. Older adults who attend medical visits alone for whom there is suspicion for cognitive impairment should be encouraged to bring a companion. This group may also benefit from observation for subtle signs of dementia, such as missed appointments or poorly controlled chronic conditions. Lastly, a new dementia diagnosis should be accompanied by clear communication to ensure patients and families understand the diagnosis and implications. There may be benefits of early dementia detection including safety, opportunities for future planning, and enhanced caregiver availability/support. Importantly, however, communication, counseling, and awareness are necessary to achieve any potential benefits of early diagnosis.
